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[57] ABSTRACT 

A mobile communication system includes an antenna, a ?rst 
radio transmission/reception unit, a propagation loss calcu 
lating section, an antenna gain calculating section, an 
antenna gain selecting section, and a ?rst weight control 
circuit. The antenna has a variable directivity pattern. The 
?rst radio transmission/reception unit transmits/receives 
communication information to/from a distant station 
through a communication channel by using the antenna. The 
propagation loss calculating section calculates a propagation 
loss in a radio channel including a communication channel 
between the antenna and the distant station. The antenna 
gain calculating section calculates a minimum antenna gain 
value required for communication under the condition of the 
propagation loss calculated by the propagation loss calcu 
lating section. The antenna gain selecting section selects an 
antenna gain not less than the minimum antenna gain value 
calculated by the antenna gain calculating section. The ?rst 
weight control circuit controls the directivity pattern of the 
antenna in a communication state on the basis of the antenna 
gain selected by the antenna gain selecting section. 

11 Claims, 5 Drawing Sheets 
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MOBILE COMMUNICATION SYSTEM 
WHICH PERFORMS ANTENNA GAIN 

CONTROL 

BACKGROUND OF THE INVENTION 

The present invention relates to an antenna gain control 
apparatus for a mobile communication system and, more 
particularly, to an antenna gain control apparatus for a 
mobile communication system using antennas each having a 
variable directivity pattern. 

In a mobile communication system such as an automobile 
telephone system, base stations are distributed in a plurality 
of radio zones to provide communication services for mobile 
stations distributed in a wide range. Such a system is called 
a cellular system. According to the cellular system, as the 
maximum communication distance allowed between a base 
station and a mobile station increases, a more economical 
mobile communication system can be formed because the 
number of base stations required to cover a predetermined 
area decreases. 

The maximum communication distance between a base 
station and a mobile station depends on the radio unit 
transmission power, the antenna gain, and a radio transmis 
sion technique such as a modulation/demodulation scheme 
as well as the propagation characteristics. However, the 
transmission power of a radio unit should be limited in 
consideration of the maximum speech communication time 
allowed on the mobile station side, and especially ?'re 
portable terminal side, and the in?uences of electromagnetic 
waves on the human body. The maximum communication 
distance can be increased by increasing the gain of the base 
station antenna instead of increasing the transmission power. 
As a method of increasing the maximum communication 

distance, the method disclosed inlapanese Patent Laid 
Open No. 5-327 612 is available, although it is not applied to 
an automobile telephone system. According to this method, 
a master unit (corresponding to a base station in an auto 
mobile telephone system) or a subsidiary unit 
(corresponding to a mobile station in the automobile tele 
phone system) in a cordless telephone system uses a high 
directivity, high-gain antenna to make the maximum com 
munication distance long. 

In this method, the master or subsidiary unit in the 
cordless telephone system has both a non-directional 
antenna and a directional antenna. In a normal state, the 
non-directional antenna is used to perform communication 
between the master unit and the subsidiary unit. When the 
distance between the master unit and the subsidiary unit 
increases to disable connection through the non-directional 
antenna, switching from the non-directional antenna to the 
directional antenna is performed to use the directional 
antenna. With this operation, the maximum communication 
distance is increased to enable connection between the 
master unit and the subsidiary unit. 
When the non-directional antenna is to be used for 

communication, the directivity (the direction of radio 
waves) of the antenna need not be considered. When, 
however, the directional antenna is to be used for 
communication, the directivity of the antenna must always 
be considered. Although the above reference explains no 
detailed method of controlling the directivity of the antenna, 
the antenna of the subsidiary unit (mobile station) can be 
manually directed to a distant unit Alternatively, the direc 
tivity of the antenna of the subsidiary or master unit may be 
ensured by automatically controlling radio waves to propa 
gate to the distant unit by a mechanical or electrical method 
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2 
The use of an adaptive array or the like, which is designed 
to electrically control the directivity of the antenna, is 
expected in the future because of the good follow-up char 
acteristics and high reliability. 

In such a conventional mobile communication system, 
when switching control is to be performed on non 
directional/directional antennas, it is checked ?rst whether 
communication can be performed by using the non 
directional antenna. If it is determined that communication 
cannot be performed, the directional antenna is used to start 
communication. This operation demands much time to 
select an antenna, resulting in a long delay time before 
connection. In a range in which communication can be 
performed by using the non-directional antenna, the non 
directional antenna is always used. For this reason, the 
non-directional antenna, which requires large transmission 
power, is used for even a mobile station located relatively 
near the base station. As a result, the transmission power is 
wasted 
When communication is performed by using the direction 

antenna, it is impossible to make the antenna track a mobile 
station which moves at a relatively high speed, and allow the 
directivity of the antenna to follow it. Once tracking fails, it 
is impossible to resume communication by detecting the 
position of' the mobile station again and controlling the 
directivity of the antenna. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
antenna gain control apparatus for a mobile communication 
system, which can shorten the time required for connection 
between a base station and a mobile station, including the 
time for antenna switching. 

It is another object of the present invention to provide an 
antenna gain control apparatus for a mobile communication 
system, which can e?iciently perform communication by 
controlling the transmission power and the antenna gain. 

In order to achieve the above objects, according to the 
present invention, there is provided a mobile communication 
system comprising an antenna having a variable directivity 
pattern, a ?rst transmission/reception unit for transmitting 
receiving communication information to/from a distant sta 
tion through a communication channel by using the antenna, 
propagation loss calculating means for calculating a propa 
gation loss in a radio channel including a communication 
channel between the antenna and the distant station, antenna 
gain calculating means for calculating a minimum antenna 
gain value required for communication under the condition 
of the propagation loss calculated by the propagation loss 
calculating means, antenna gain selecting means for select 
ing an antenna gain not less than the minimum antenna gain 
value calculated by the antenna gain calculating means, and 
?rst directivity pattern control means for controlling ?re 
directivity pattern of the antenna in a communication state 
on the basis of the antenna gain selected by the antenna gain 
selecting means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a radio communication 
system according to an embodiment of the present inven 
tion; 

FIG. 2 is a block diagram showing an antenna gain control 
circuit in FIG. 1; 

FIG. 3 is a ?ow chart showing the operation of the antenna 
gain control circuit in FIG. 2; 
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FIG. 4 is a block diagram showing another example of the 
antenna gain control circuit in FIG. 1; and 

FIG. 5 is a ?ow chart showing the operation of the antenna 
gain control circuit in FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described next with refer 
ence to the accompanying drawings. 
FIG. 1 shows a base station in a radio communication 

system according to an embodiment of the present inven 
tion. In this case, the present invention is applied to a base 
station. However, the present invention can also be applied 
to a mobile station. 

Referring to FIG. 1, reference numeral 1 denotes a base 
station; 10, an antenna constituted by four elements 10a and 
designed to perform radio cormnunication between the base 
station 1 and a mobile station 40; 11, a weighting circuit for 
electrically setting the directivity of the antenna 10 for each 
communication channel and each control channel by weight 
ing the elements 10a in accordance with weighting coe?i 
cients; 12, a communication channel radio transmission/ 
reception unit (to be referred to as a ?rst radio transmission! 
reception unit hereinafter); and 13, a control channel radio 
transmission/reception unit (to be referred to as a second 
radio transmission/reception unit hereinafter). The ?rst radio 
transmission/reception unit 12 measures the self-station 
reception power and the self-station antenna gain in a 
communication channel during communication with the 
mobile station 40, and outputs the resultant data to an 
antenna gain control circuit (to be described later). The 
second radio transmission/reception unit 13 measures the 
self-station reception power and the self-station antenna gain 
in a control channel in a state of not communicating with the 
mobile station 40, and outputs the resultant data to an 
antenna gain control circuit (to be described later). 

Reference numeral 14 denotes a communication channel 
weight control circuit (to be referred to as a ?rst weight 
control circuit hereinafter) for calculating optimal weighting 
coef?cients for maximizing the ratio of the desired wave, 
transmitted from the mobile station 40, to the interference 
wave (CIR: Carrier to Interference Ratio), and outputs the 
weighting coefficients to the weighting circuit 11; 20, an 
antenna gain control circuit for determining the antenna gain 
and the transmission power for a communication channel on 
the basis of outputs from the ?rst and second radio 
transmission/reception units 12 and 13; 15, a weight control 
circuit (to be referred to as a second weight control circuit 
hereinafter) for calculating weighting coefficients such that 
the control channel directivity pattern rotates, and outputting 
the weighting coe?icients to the weighting circuit 11; and 
30, an antenna directivity control circuit for instructing the 
second weight control circuit 15 about the beam direction of 
a control channel. 

In this case, the directivity pattern of the antenna 10 of the 
base station 1 is electrically rotated. As disclosed in Japanese 
Patent Laid-Open No. 59-152739, the directivity pattern 
may be mechanically rotated. 
As a method used in the ?rst weight control circuit 14 to 

obtain optimal weighting coe?icients for maximizing the 
CIR for each mobile station 40, and a method used in the 
second weight control circuit 15 to obtain weighting coef 
?cicnts for realizing an instructed beam direction, for 
example, the methods disclosed in the following articles are 
used: “Spatial Spectrum Estimation in a Coherent Signal 
Environment Using an Array in Motion”, IEEE Trans. 
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4 
Antennas and Propagation, Special Issue on Adaptive Pro 
cessing Antennas System, Vol. AP-34, No. 3, pp. 301-310, 
March 1986, “Analysis of Constrained LMS Algorithm with 
Application to Adaptive Beamforming Using Perturbation 
Sequences”, IEEE Trans. Antennas and Propagation. Special 
Issue on Adaptive Processing Antennas System, Vol. AP-34, 
No. 3, pp. 368-379, March 1986, and "Tamed Adaptive 
Antenna Array”, IEEE Trans. Antennas and Propagation, 
Special Issue on Adaptive Processing Antennas System, Vol. 
AP-34, No. 3, pp. 388-394, March 1986. A description of 
these methods will be omitted. 

FIG. 2 shows an example of the antenna gain control 
circuit 20 in FIG. 1. Reference numeral 21 denotes a 
propagation loss calculating section for calculating the 
propagation loss in the reverse link from the mobile station 
40 to the base station 1 on the basis of the mobile station 
transmission power, the mobile station antenna gain, the 
base station reception power, and the base station antenna 
gain which are obtained from the second radio transmission/ 
reception unit 13 or the ?rst radio transmission/reception 
unit 12. 

Reference numeral 22 denotes an antenna gain calculating 
section for calculating the minimum antenna gain value 
which sets the speech quality of a reception signal received 
by the base station 1 to a predetermined value; 23, an 
antenna gain selecting section for selecting a predetermined 
antenna gain equal to or higher than the minimum antenna 
gain value output from the antenna gain calculating section 
22; and 2A, a transmission power calculating section for 
calculating proper base station transmission power which 
sets the reception communication quality in the mobile 
station 40 to a predetermined value under the condition of 
the calculated propagation loss. 

FIG. 3 shows the operation of the antenna gain control 
circuit 20 in FIG. 2. The operation of the radio communi 
cation system shown in FIG. 1 will be described with 
reference to FIGS. 2 and 3. In a state of not communicating 
with the mobile station 40, the antenna directivity control 
circuit 30 instructs the second weight control circuit 15 
about the beam direction for a control channel. The second 
Weight control circuit 15 calculates weighting coe?icients 
for rotating the directivity pattern in accordance with the 
instruction from the antenna directivity control circuit 30, 
and outputs the weighting coefficients to the weighting 
circuit 11. The weighting circuit 11 weights the antenna 
elements 10a in accordance with the weighting coefficients 
from the second Weight control circuit 15. With this 
operation, the directivity pattern of the antenna 10 electri 
cally rotates. Upon rotation of the directivity pattern of the 
antenna 10, the second radio transmission/reception unit 13 
performs transmission/reception between a plurality of 
mobile stations including the mobile station 40 through the 
control channel. 
At the start of communication with the mobile station 40, 

mobile station transmission power TMS, a mobile station 
antenna gain GMS, base station reception power R35, and a 
base station antenna gain Gas are input from the second 
radio transmission/reception unit 13 to the propagation loss 
calculating section 21 of the antenna gain control circuit 20 
(steps S100 to S103). 

If the mobile station transmission power TMS and the 
mobile station antenna gain GMS are ?xed, these values need 
not be input by storing them in the antenna gain control 
circuit 20 in advance. Assume that the mobile station trans 
mission power T MS and the mobile station antenna gain GMS 
are variable. In this case, in a non-communication state, the 
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mobile station 40 adds these values to an originating request 
signal or a page response signal to notify the second radio 
transmission/reception unit 13 of the values, and the values 
noti?ed by the mobile station 40 are input to the propagation 
loss calculating section 21 through the second radio 
transmission/reception unit 13. In a communication state, 
the mobile station 40 adds these values to an 
in-communication control signal to input them to the propa 
gation loss calculating section 21 through the ?rst radio 
transmission/reception unit 12. 

Since the base station reception power R35 and the base 
station antenna gain GBS are the intra-station information of 
the base station 1, these values are directly obtained by the 
second radio transmission/reception unit 13 and input to the 
propagation loss calculating section 21 of the antenna gain 
control circuit 20. During communication, these values are 
obtained by the ?rst radio transmission/reception unit 12, as 
needed, and input to the~propagation loss calculating section 
21. “ 

On the basis of the values input in this manner, the 
propagation loss calculating section 21 obtains a propaga 
tion loss L in the reverse link from the mobile station 40 to 
the base station 1 according to equation (1) (step S104): 

L=Tns4Gus+GnrRas (1) 

The antenna gain calculating section 22 uses equation (2) 
to calculate a minimum antenna value Gnsmin, which allows 
detection of a reception level Rmq at which a predetermined 
speech quality can be obtained in the base station 1 under the 
condition of the propagation loss L (step S105). 

0n the basis of this value, the antenna gain selecting 
section 23 selects a proper value as an antenna gain G85 
larger than the minimum antenna gain value Gssndnv to set 
the reception speech quality in the base station 1 to be higher 
than the predetermined value (step S106). The antenna gain 
selecting section 23 then noti?es the ?rst weight control 
circuit 14 of this value, and outputs it to the transmission 
power calculating section 24. 

In this case, as the antenna gain increases, the transmis 
sion power reducing etfects in the base station 1 and the 
mobile station 40 improve. However, since the beam width 
decreases, a tracking failure tends to occur in the mobile 
station 40. An antenna gain must be set in consideration of 
this point. 
The transmission power calculating section 24 uses equa 

tion (3) to calculate transmission power TBS. which allows 
detection of a reception level Rnq at which a predetermined 
speech quality can be obtained in the mobile station 40 under 
the current condition of the propagation loss L (step S107). 

The transmission power calculating section 24 then noti?es 
the ?rst radio transmission/reception unit 12 of this value. 

In this manner, the antenna gain control circuit 20 deter 
mines the antenna gain GBS and the transmission power TBS 
on the basis of the mobile station transmission power TMS, 
the mobile station antenna gain GMS, the base station recep 
tion power R55, and the base station antenna gain GBS. A 
transmission signal of the optimal level is output from the 
?rst radio transmission/reception unit 12 on the basis of this 
transmission power T 85. 
On the basis of the antenna gain GBS noti?ed by the 

antenna gain control circuit 20, the ?rst weight control 

20 

25 

30 

35 

50 

55 

65 

6 
circuit 14 calculates the optimal weighting coe?icients out 
put from the mobile station 40 to maximize the CIR, and 
outputs the weighting coe?icients to the weighting circuit 
11. The weighting circuit 11 weights the antenna elements 
10a in accordance with the weighting coe?icients from the 
?rst weight control circuit 14, and sets the directivity pattern 
of the antenna 10 for a communication channel. “With this 
operation, the optimal reception level can be obtained by the 
second radio transmission/reception unit. 
As described above, this system has the communication 

channel antenna gain control circuit 20 to use a control 
channel at the start of communication, and a communication 
channel during communication, and calculates the propaga 
tion loss in the reverse link from the base station 1 to the 
mobile station 40, thereby determining the antenna gain 
which allows a predetermined speech quality under the 
condition of the propagation loss. 

Since the antenna directivity is controlled to obtain this 
antenna gain, or an antenna having this antenna gain is 
selected, the time required for antenna selection can be 
greatly shortened as compared with the conventional method 
of selecting an antenna to be used by actually performing 
communication using a non-directional or direction antenna. 
In addition, since the CIR increases, the interference recep 
tion level decreases to allow effective use of frequencies. 

FIG. 4 shows another example of the antenna gain control 
circuit in FIG. 1. The same reference numerals in FIG. 4 
denote the same parts as in FIG. 2, and a description thereof 
will be omitted 

Referring to FIG. 4, reference numeral 25 denotes an 
antenna gain comparing section for storing an antenna gain 
G35 selected by an antenna gain selecting section 23, and 
comparing the antenna gain GBS with a minimum antennal 
gain value Gssmin. calculated by an antenna gain calculating 
section 22 under the current control; and 26, a communica 
tion quality calculating section for measuring/calculating 
communication qualities such as the CIR, BER (Bit Error 
Rate), and FER (Frame Error Rate) of areception signal, and 
outputting them to the antenna gain selecting section 23. 

FIG. 5 shows the operation of the antenna gain control 
circuit 20 in FIG. 4. ‘The operation of the radio cormnuni 
cation system shown in FIG. 1 will be described with 
reference to FIGS. 4 and 5. 

Similar to the above case, the mobile station transmission 
power TMS, the mobile station antenna gain GMS, the base 
station reception power R35, and the base station antenna 
gain GBS are input from the second radio transmission/ 
reception unit 13 or the ?rst radio transmission/reception 
unit 12 to the propagation loss calculating section 21 (steps 
S200 to S203). 
The propagation loss calculating section 21 calculates the 

propagation loss L in the reverse link from the mobile station 
40 to the base station 1 (step S204). The antenna gain 
calculating section 22 calculates the minimum antenna gain 
value G,;,,,,,,- on the basis of the calculated propagation loss 
(step S205). At this time, the antenna gain comparing section 
25 compares the antenna gain GBS, selected by the antenna 
gain selecting section 23 under the immediately preceding 
control, with the minimum antenna gain value GBSInin' 
calculated by the antenna gain calculating section 22 under 
the current control (step S208), and noti?es the antenna gain 
selecting section 23 of the result. 
The antenna gain selecting section 23 updates the antenna 

gain Gas- to a proper value equal to or larger than the value 
GBSm-n. if the comparison result noti?ed by the antenna gain 
comparing section 25 indicates GBS é GBsm-n- (step S206). 
If the comparison result noti?ed by the antenna gain com 
paring section 25 indicates G15,s > GBsm-nv the speech quality 
is checked. 
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The communication quality calculating section 26 mea 
sures a communication quality such as a CIR, a BER, or an 
FER on the basis of a reception signal from the ?rst radio 
transmission/reception unit 12 or the second radio 
transmission/reception unit ,13, and noti?es the antenna gain 
selecting section 23 of the measurement result. The antenna 
gain selecting section 23 compares the speech quality noti 
?ed by the communication quality calculating section 26 
with a predetermined value (step S209). 

Ifit is determined in step S209 that the currently measured 
speech quality exceeds the predetermined value, the imme 
diately preceding antenna gain Gas is increased by a pre 
determined value x, and the resultant gain is set as the 
current antenna gain GB BS (step S210). If it is determined 
that the currently measured speech quality is equal to or 
lower than the predetermined value, the immediately pre 
ceding antenna gain G as is decreased by the predetermined 
value x, and the resultant gain is set as the current antenna 
gain G35- (step 5211). 
That is, the antenna gain selecting section 23 selects the 

antenna gain 638 used for the current control in steps S206, 
S210, and S211, noti?es the ?rst weight control circuit 14 of 
the gain, and outputs it to the transmission power calculating 
section 24. The transmission power calculating section 24 
calculates the transmission power T 85- which allows detec 
tion of the reception level R at which a predetermined 
speech quality can be obtained in the mobile station 40 under 
the current condition of the propagation loss L (step S207), 
and noti?es the ?rst radio transmission/reception unit 12 of 
this value. 
As described above, the antenna gain GBS selected under 

the immediately preceding control is compared with the 
current minimum antenna gain value GBSm-n“ If the value 
685mm. is lower than the gain Gas, and the currently mea 
sured speech quality exceeds the predetermined value, the 
gain obtained by increasing the immediately preceding 
antenna gain Gas by the predetermined value X is set as the 
current antenna gain 6”. As long as communication with 
the distant station can be performed, the antenna directivity 
is controlled such that the antenna has a high gain with a 
small beam width, or an antenna having this antenna direc 
tivity is selected, thereby suppressing the transmission 
power to the minimum necessary value. 
Assume that the antenna gain GBS selected under the 

immediately preceding control is compared with the mini 
mum antenna gain value Gssminv calculated under the current 
control, and it is determined that the value GBSm-n- is lower 
the gain Gas, and the currently measured speech quality is 
equal to or lower than the predetermined value. In this case, 
the gain obtained by decreasing the immediately preceding 
antenna gain GBS by the predetermined value x is set as the 
current gain G83. With this operation, when communication 
is disabled, the antenna directivity is controlled such that 
antenna has a large beam width, or an antenna having this 
antenna directivity is selected, thereby tracking the distant 
station in a wider range. 
As has been described above, according to the present 

invention. the time required for antenna selection can be 
greatly shortened, and the CIR increases. For this reason, the 
interference reception level decreases to allow more effec 
tive use of frequencies, thus realizing efficient radio com 
munication. 

In addition, since the current antenna gain is determined 
by using the preceding antenna gain, the antenna directivity 
is controlled such that the antenna has a high gain with a 
small beam width, or an antenna having this directivity is 
selected. With this operation, the transmission power can be 
suppressed to the minimum necessary value. 
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Furthermore, even if the self-station fails to track the 

distant station, the antenna directivity is controlled such that 
the antenna has a large beam width, or an antenna having 
this directivity is selected, the self-station can track the 
distant station in a wider range. 
What is claimed is: 
1. A mobile communication system comprising: 
an antenna having a variable directivity pattern; 
a ?rst transmission/reception unit for transmitting} 

receiving communication information to/from a distant 
station through a communication channel by using said 
antenna; 

propagation loss calculating means for calculating a 
propagation loss in a radio channel including a com 
munication channel between said antenna and the dis 
tant station; 

antenna gain calculating means for calculating a mini 
mum antenna gain value required for communication 
under the condition of the propagation loss calculated 
by said propagation loss calculating means; 

antenna gain selecting means for selecting an antenna 
gain not less than the minimum antenna gain value 
calculated by said antenna gain calculating means; and 

?rst directivity pattern control means for controlling the 
directivity pattern of said antenna in a communication 
state on the basis of the antenna gain selected by said 
antenna gain selecting means. 

2. A system according to claim 1, wherein said propaga 
tion loss calculating means calculates the propagation loss 
on the basis of distant station transmission power, a distant 
station antenna gain, self-station reception power, and a 
self-station antenna gain. 

3. A system according to claim 2, wherein said propaga 
tion loss calculating means calculates the propagation loss 
by using information of distant station transmission power 
and a distant station antenna gain which are transmitted from 
the distant station. 

4. A system according to claim 2, wherein said propaga 
tion loss calculating means calculates the propagation loss 
by using information of distant station transmission power 
and a distant station antenna gain which are set in the 
self-station in advance. 

5. A system according to claim 2, further comprising a 
second transmission/reception unit for transmitting] 
receiving a control signal to/from the distant station by using 
said antenna, and 

wherein said propagation loss calculating means calcu 
lates the propagation loss by using the self-station 
reception power and the self-station antenna gain which 
are obtained from said second transmission/reception 
unit in a non-communication state, and calculates the 
propagation loss by using the self-station reception 
power and the self-station antenna gain which are 
obtained from said ?rst transmis sion/reception unit in a 
communication state. 

6. A system according to claim 1, wherein said antenna 
comprises a plurality of antenna elements and weighting 
means for electrically rotating the directivity pattern by 
weighting said antenna elements in accordance with weight 
ing coe?icients, and 

said ?rst directivity pattern control means comprises 
weighting control means for calculating optimal 
weighting coe?icients for maximizing a carrier to inter 
ference ratio of a signal transmitted from the distant 
station on the basis of the antenna gain selected by said 
antenna gain selecting means, and outputting the 
weighting coe?icients to said weighting means. 
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7. A system according to claim 6, further comprising 
transmission power calculating means for calculating trans 
mission power for obtaining a reception level, at which a 
predetermined communication quality is ensured in the 
distant station under the condition of the propagation loss 
calculated by said propagation loss calculating means, on 
the basis of the antenna gain calculated by said antenna gain 
calculating means, and 

wherein said ?rst radio transmission/reception means 
outputs a transmission signal having an optimal level in 
accordance with the transmission power noti?ed by 
said transmission power calculating means. 

8. A system according to claim 1, further comprising: 
beam direction instructing means for instructing a beam 

direction of a control channel in a non-speech commu 
nication state; 

second directivity pattern control means for controlling 
the directivity pattern of said antenna in a control 
channel in accordance with an instruction from said 
beam direction instructing means; and 

a second transmission/reception unit for transmitting 
receiving a control signal to/from the distant station 
through a control channel by using said antenna whose 
directivity pattern is controlled by said second direc 
tivity pattern control means. 

9. A system according to claim 1, further comprising: 
antenna gain comparing means for comparing a minimum 

antenna gain value newly calculated by said antenna 
gain calculating means with an antenna gain selected 
under immediately preceding control; and 

communication quality calculating means for calculating 
a communication quality associated with a reception 
signal received from the distant station, and 
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wherein said antenna gain selecting means outputs a new 

antenna gain obtained by increasing the antenna gain 
selected under the immediately preceding control by a 
predetermined value when it is determined on the basis 
of the comparison result obtained by said antenna gain 
comparing means that the antenna gain selected under 
the immediately preceding control is not less than the 
newly calculated minimum antenna gain value, and the 
communication quality calculated by said communica 
tion quality calculating means is not less than a prede 
tennined value. 

10. A system according to claim 9, wherein said antenna 
gain selecting means outputs a new antenna gain obtained by 
decreasing the antenna gain selected under the immediately 
preceding control by a predetermined value when it is 
determined on the basis of the comparison result obtained by 
said antenna gain comparing means that the antenna gain 
selected under the immediately preceding control is not less 
than the newly calculated minimum antenna gain value, and 
the communication quality calculated by said communica 
tion quality calculating means is less than a predetermined 
value. 

11. A system according to claim 1, further comprising: 
a plurality of base stations respectively installed in a 

plurality of radio zones, each base station including 
said antenna, a ?rst transmission/reception unit, propa 
gation loss calculating means, antenna gain calculating 
means, antenna gain selecting means, and ?rst direc 
tivity pattern control means; and 

a mobile station as a distant station which performs radio 
communication with said base station. 

***** 


